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Sleep-Disordered 
Breathing
Sleep-disordered breathing is an umbrella term for several chronic conditions in 
which partial or complete cessation of breathing occurs many times throughout 
the night, resulting in daytime sleepiness or fatigue that interferes with a  person’s 
ability to function and reduces quality of life. Symptoms may include snoring, 
pauses in breathing described by bed partners, and disturbed sleep. Obstructive 
sleep apnea (OSA), which is by far the most common form of sleep-disordered 
breathing, is associated with many other adverse health consequences, includ-
ing an increased risk of death (1–3). 

To be properly diagnosed, patients with suspected sleep-disordered 
 breathing must be evaluated by a polysomnogram (sleep test), which measures 
approximately a dozen physiologic parameters during sleep. One of the most 
important measurements is breathing and its cessation during sleep. A breathing 
pause of 10 seconds or more is termed an apnea. Not surprisingly, apneas may 
be associated with oxygen desaturation (a decrease in blood oxygen) and other 
bodily responses as the person struggles to breathe. These arousals may  consist 
of flexing of muscles, including those of the airways, and change in the electrical 
activity of the brain as measured by an  electroencephalogram (EEG). Arousals 
are complex phenomena that may involve discharges of brain chemicals of the 
adrenalin family, which may contribute to the health conditions associated with 

23

Whitebook_breathing_Ch23.indd   237 6/26/10   12:19:44 AM



Sleep-Disordered Breathing Chapter 23

238

sleep apnea. Desaturation and arousals also occur with hypopnea (partial 
decrease in air flow). The apnea-hypopnea index is the number of apneas and 
hypopneas that occur per hour of sleep and is an important measure of the 
severity of sleep apnea, along with the depth of desaturation.

A single-night polysomnogram in a sleep laboratory can accurately diag-
nose sleep apnea in most patients. With portable equipment, the diagnosis of 
sleep apnea is possible in the home setting, and this approach may provide 
improved access to sleep apnea diagnostic testing. 

Whom does it affect?

Epidemiology, prevalence, economic burden, vulnerable populations

Estimates of the prevalence of sleep-disordered breathing vary widely, depend-
ing on the methodology. Conservatively, based on laboratory or portable home 
tests, 4 percent of men, 2 percent of women, and 2 percent of children ages 8 to 
11 in the United States have sleep-disordered breathing (4,5). Other surveys 
estimate that between 5 and 10 percent of the U.S. adult population have 
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This survey shows how common sleep-disordered breathing problems are. 
Unpublished data from the National Health and Nutrition Examination Survey, 2005–2006.

Prevalence of sleep-disordered breathing among U.S. adults 
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OSA (5–7); 7 percent have breathing pauses during sleep that put them at risk 
for more severe sleep events, and 23 to 59 percent snore (7–10). Unpublished 
data from a nationally representative sample of U.S. adults over age 20 show 
that the symptoms of sleep-disordered breathing (for example, snoring) are 
more likely to be reported by men than women. From 1980 to 1990, the number 
of office visits in the United States resulting in a diagnosis of sleep apnea 
increased from 108,000 to 1.3 million (11).

Despite the increased awareness of sleep-disordered breathing, it has been 
suggested that 93 percent of women and 82 percent of men with signs and symp-
toms of moderate to severe sleep-disordered breathing remain undiagnosed (6).

Factors that have been identified in studies to increase the risk of develop-
ing sleep apnea include obesity, male gender, and some ethnic groups (African 
American, Asian, and Native American) (12). Additional risk factors include 
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Sleep-disordered breathing and cardiovascular disease

An early study of more than 6,400 patients with mild to moderate sleep-disordered breathing found an 
association between sleep-apnea severity as measured by the apnea-hypopnea index (AHI) and 
coronary artery disease, heart failure, and stroke. Those with the highest AHI were one-and-a-half times 
more likely to have had a stroke and more than twice as likely to have heart failure than those with lowest 
AHI, even when adjusted for other known risk factors, including age, sex, race, body size, hypertension, 
smoking, and cholesterol. Adapted from American Journal of Respiratory and Critical Care Medicine, 
Vol 163. pp 19-25, 2001.
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nasal obstruction; large tonsils (particularly in children); an underactive thyroid 
gland; the use of alcohol, tobacco, and sedatives; menopause in women; and  
higher levels of testosterone.

CaSe StUdy

William Howard Taft, the 27th President of 
the United States, and later the 10th Chief 
Justice, lived before sleep apnea was 
recognized as a disease, but throughout 
his life he exhibited the classic symptoms 
and signs (14). At the time of his inaugura-
tion at age 51, he weighed between 300 
and 332 pounds and had a 19-inch neck. 
He had excessive daytime sleepiness and 
loud habitual snoring. In his fifties, Taft 
developed high blood pressure. He had 
limited exercise tolerance, and by his 
mid-sixties, he had signs of heart disease 
(angina) and breathlessness, which limited 
his activity. Toward the end of his presidency, he developed an irregular 
heart beat that is commonly associated with sleep apnea (atrial fibrillation). 
Taft lost a remarkable amount of weight (he slimmed down to about 250 
pounds), which was associated with an improvement in his daytime 
sleepiness and blood pressure. It may have also increased his longevity. 
Taft was 72 when he died on March 8, 1930. A medical bulletin issued by 
the Supreme Court upon his resignation earlier in the year attributed his 
serious health condition to “general hardening of the arteries.” 

Comment

There are reports of President Taft falling asleep during important meetings 
and while serving as Chief Justice of the Supreme Court. To Taft, this was 
an embarrassment and a blow to his esteem and reputation. For other 
patients, however, it can have more serious consequences. To a truck 
driver, it could be deadly. Lack of adequate sleep at night for any reason 
leads to daytime somnolence, and habitual lack of restful sleep can lead to 
uncontrollable sleep attacks.
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The economic burden of sleep-disordered breathing is significant (13). 
Sleep-disordered breathing adversely affects daytime alertness and cognition 
and has been linked to occupational and driving impairment. Sleep apnea has 
also been shown to increase healthcare utilization. In any assessment of the 
economic burden of sleep apnea, there are two important considerations: 1) it is 
highly prevalent in the middle-aged work force, and 2) it contributes to other 
chronic health conditions, such as heart disease and diabetes, and increases 
the risk of having a stroke and being in an accident at work or in the car.

What are we learning about sleep-disordered breathing?

Pathophysiology, causes: genetic, environment

No single cause of sleep apnea has been identified, although the associations 
with weight and neck size mentioned above are well known. Family history and 
genetic susceptibility studies show that a third of the total variability in sleep 
apnea severity in populations can be accounted for by heritability or genetic 
susceptibility (1,15). The bony and soft tissue structures of the face, as well as 
the heritability of obesity, are potential mechanisms by which genetics plays a 
role in sleep apnea.

The most common breathing disorder of sleep is OSA, which is character-
ized by recurrent narrowing or collapse of the back of the throat because of the 
loss of muscle tone that occurs during sleep (16). A  less common form, central 
sleep apnea, is distinguished by cessation of breathing efforts during sleep. 
There is no struggle to breathe; the brain just does not send the proper breath-
ing signals. Both result in repetitive events of insufficient air flow, oxygen absorp-
tion, and carbon dioxide exhalation. Reduction in blood oxygen levels may lead 
to a hormonal stress response by the body. This reaction may arouse, but not 
fully awaken, the sleeper, who repeats the events with the next period of sleep. 
If the cycle of arousals is repeated many times during the night, a cascade of 
stress-hormone release ensues, which is thought to be responsible for many of 
the adverse health consequences associated with sleep-disordered breathing.

The upper airway in patients with OSA is often smaller than normal. It may 
be narrowed by fat deposition in obese individuals or other structural factors, 
such as airway length, position of the jaw, or size of the tongue. A narrowed air 
passage can collapse more frequently and completely when the muscles of the 
throat, which keep the upper airway open during wakefulness, relax during 
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sleep. Changes in body position and the reduced lung expansion that occur with 
sleep interact with these other factors and may lead to further upper airway 
vulnerability.

Experimental animal studies as well as observations in patients with central 
sleep apnea show that the brain centers responsible for the control of rhythmic 
respiratory muscle activity are more unstable compared to people without this dis-
order (15). Some individuals may have both obstructive and central sleep apnea. 

how is it prevented, treated, and managed?

Prevention, treatment, staying healthy, prognosis

A major problem is the lack of recognition of the disorder by both the patient 
and physician. This unawareness may lead to delayed diagnosis. Snoring and 
daytime fatigue or sleepiness are so common that they may not be recognized 

This sleep tracing typically records 16 different parameters simultaneously. The electroencephalogram 
(EEG) (brain waves) stages sleep. The electro-occulogram (EOG) records rapid eye movement, which is 
correlated with dreaming. Snoring, air flow, respiratory effort, oxygenation, electrocardiogram (ECG) 
findings, pulse, leg movement (leg), body position, and sleep stage are the other items assessed. 
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as abnormal. There is considerable variation in the severity of sleep apnea 
from night to night, depending upon duration of sleep, body position, time spent 
in different stages of sleep, and other factors, such as alcohol consumption 
before going to bed. Alcohol and certain sleeping medications may cause 
deeper relaxation of the airways during sleep and a blunting of the sleeper’s 
arousal response, thus allowing longer and more frequent apneas and greater 
desaturations. 

Prevention of weight gain and obesity is critical for reducing the risk of 
developing clinically significant OSA. Appropriate evaluation and treatment of 
any nasal passage obstruction is important in reducing the collapsibility of the 
upper airway. Smoking cessation should be pursued by all patients. Avoiding 
alcohol and sedatives and developing better sleep hygiene may be helpful.

Physicians use the apnea-hypopnea index to assess the severity of sleep 
apnea based on the number of complete cessations of breathing (apnea) and 
partial obstructions (hypopnea). Although the apnea-hypopnea index is 
 interpreted in the context of the patient’s symptoms, age, and other medical 

For children suffering from sleep apnea, surgical treatment with removal of tonsils (and adenoids) 
is the first choice. However, the long-term effects of this procedure on sleep-disordered breathing 
in these children are poorly understood.
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conditions, an apnea-hypopnea index of more than 5 with symptoms is generally 
abnormal enough to warrant treatment. As the condition is usually chronic, in the 
absence of significant modification of a risk factor, the treatment prescribed 
should be used long term.

Treatments for OSA work by physically increasing the size of the upper 
airway. The most effective treatment is a continuous positive airway pressure 
(CPAP) device that delivers pressurized air to the upper airway, via a mask, 
splinting the airway open. However, the effectiveness of this treatment is often 
substantially reduced or nullified by inconsistent or inadequate use by patients. 
Professionally assisted adjustments of the mask size and type, the addition of 
humidity, and the treatment of nasal congestion and blockage may improve the 
ability to use this treatment.

For children suffering from sleep apnea, surgical treatment with removal 
of tonsils (and adenoids) is the first choice. However, the long-term effects of 
this procedure on sleep-disordered breathing in these children are poorly 
understood.

There is no effective and safe drug treatment for sleep apnea. External and 
intranasal dilators improve snoring, but their efficacy in reducing sleep-disordered 
breathing has not been adequately shown by controlled trials. In certain patients, 
surgical treatment or dental devices may be effective, but more studies are 
needed.

are we making a difference?

Research past, present, and future

Although breathing abnormalities that occur during wakefulness and sleep have 
been reported since the 1800s, the high prevalence of disordered breathing that 
occurs only during sleep was not recognized until 1993 (4). The risk factors for 
sleep-disordered breathing and the high prevalence of sleep apnea, as well as 
the adverse health conditions associated with untreated sleep apnea, including 
increased mortality, have been identified by multiple large-scale observational 
studies. There is, however, an urgent need for large-scale clinical studies to 
determine the natural course and benefit of treatments on the longer-term health 
in people with all levels of sleep-disordered breathing, especially with regard to 
its severity, effect on cardiovascular health, and survival. Given the remarkable 
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rise of obesity and the high prevalence of diabetes today, it would also be impor-
tant to learn the effects of these conditions on the course and treatment of sleep 
apnea. Intervention at early stages has the potential to become an effective 
prevention strategy.

These studies should also assess the cost to society for sleep apnea and its 
treatment. Confirmation of whether portable and home-based diagnostic moni-
toring and auto-adjusting therapeutic CPAP devices could adequately supple-
ment formal laboratory-based evaluation, and, if so, in which populations, would 
lead to more cost-effective healthcare delivery. Studies thus far support the use 
of oral appliances in mild to moderate sleep-disordered breathing and the use of 
surgery primarily as adjunctive treatment for adults or in “CPAP failures.” Electri-
cal stimulation of the nerves to activate the upper airway muscles and dilate the 
airway has been associated with beneficial effects on sleep-disordered breath-
ing, but this approach needs further study to determine efficacy as well as the 
design of equipment for clinical use.

It is as yet not clear whether the candidate genes for sleep apnea (for exam-
ple, the APOE epsilon gene) lead directly to sleep apnea or if these genes are 
linked to intermediate factors that increase the risk of sleep apnea via their 
effects on other factors, such as facial structure and obesity (15). Future studies 
involving analyses of multiple genes simultaneously in well-defined subgroups 
of persons with sleep apnea hold the promise for development of predictive 
models that will enable early diagnosis and intervention in the appropriate popu-
lations. A genetic approach also may lead to better understanding of the basic 
mechanisms of the condition, which is a prerequisite for the development of 
future therapies.

What we need to cure or eliminate sleep-disordered breathing

Elimination of sleep apnea remains a distant goal, as the current struggles are 
simply awareness, diagnosis, and management. Reducing obesity in the popu-
lation would no doubt reduce sleep apnea. Safe and effective drugs may offer 
the best chance for reduction of sleep-disordered breathing, but finding these 
drugs will depend on a better understanding of the neurophysiology and bio-
chemistry of sleep. This understanding could lead to as yet unanticipated fruitful 
interventions. Discoveries important to sleep-disordered breathing could come 
from other fields far removed from sleep. 
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Web sites of interest

American Academy of Sleep Medicine 
www.aasmnet.org/PatientsPublic.aspx

American Sleep Apnea Association  
www.sleepapnea.org

Centers for Disease Control and Prevention 
Sleep and Sleep Disorders: A Public Health Challenge 
www.cdc.gov/sleep

National Institutes of Health  
National Center on Sleep Disorders Research 
www.nhlbi.nih.gov/sleep

National Sleep Foundation 
www.sleepfoundation.org
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